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(54) OPTICAL PICKUP DEVICE FOR MULTI-WAVELENGTH 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical pickup in 
which a light-receiving element and an amplifier circuit are 
integrated as well as an optical recording device such as a 
DVD/CD player/recorder using it. 

SOLUTION: A low concentration impurity layer is deposited 
separately at plural times. An embedded layer of a light- 
receiving element for receiving laser beam of short wavelength is 
formed at a position lower than that for receiving light of 700- 
800 nm. Thus, by this method, the frequency bands of a light- 
receiving element for a DVD of wavelength 660 nm and a light- 
receiving element for a high-density DVD of wavelength 410 hm 
are improved. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A light emitting device which emits a laser beam. 

An amplifier circuit which amplifies photoelectric current which received light with an image formation 
optical system which carries out image formation of said laser beam to optical disk media, a photo 
detector which receives said laser beam and is changed into current, and said photo detector. 
The 1st light emitting device that is the optical pickup device provided with the above, and emits a laser 
beam with a wavelength of 700-800 nm to CD, The 2nd light emitting device that emits a laser beam 
with a wavelength of 600-700 nm to DVD, The 3rd light emitting device that emits a laser beam with a 
wavelength of 500 nm or less to high-density DVD, The 1st photo detector corresponding to the 1st 
light emitting device, and the 2nd photo detector corresponding to the 2nd light emitting device, A photo 
detector which it has the 3rd photo detector corresponding to the 3rd light emitting device, and any two, 
the 1st, the 2nd, and the 3rd photo detector, or all were accumulated on the same Si substrate, and was 
accumulated at least, One electrode is taken out from a substrate face via an embedded layer and a 
contact hole, and the depth of each embedded layer differs. 

[Claim 2][n the optical pickup device according to claim 1, the 1st, the 2nd, and the 3rd photo detector 
are accumulated on the same Si substrate, and the embedded layer depth of the 1 st and the 2nd photo 
detector is the same. An optical pickup device, wherein an embedded layer of the 3rd photo detector is 
formed in a position shallower than an embedded layer of the 1 st and the 2nd photo detector. 
[Claim 3]In the optical pickup device according to claim 1, the 1st, the 2nd, and the 3rd photo detector 
are accumulated on the same Si substrate, and the 2nd and 3rd embedded layer depth is the same. An 
optical pickup device, wherein an embedded layer of the 2nd and the 3rd photo detector is formed in a 
position shallower than an embedded layer of the 1st photo detector. 

[Claim 4]An optical pickup device characterized by any two, the 1st, the 2nd, and the 3rd photo 
detector, or all, and accumulating an amplifier circuit on the same Si substrate at least in the optical 
pickup device according to claim 1 to 3. 

[Claim 5]In the optical pickup device according to claim 6, said amplifier circuit is constituted using at 
least one or more bipolar transistors. An optical pickup device, wherein an embedded layer of said bipolar 
transistor is formed in a position shallower than an embedded layer of said 1st or 2nd photo detector. 
[Claim 6]An optical pickup device, wherein an embedded layer of said 2nd or 3rd photo detector at least 
is formed in the same depth as an embedded layer of a photo detector of said bipolar transistor in the 
optical pickup device according to claim 5. 

[Claim 7]0ptical disk units including an optical pickup indicated they to be [ any of claims 1-6 ], such as 
CD and DVD. 

[Claim 8]The 1st light emitting device characterized by comprising the following that emits a laser beam 
of the 1 st wavelength in an optical pickup device, The 2nd light emitting device that emits a laser beam 
of the 2nd different wavelength from said 1 st wavelength. It has the 1 st photo detector corresponding to 
said 1st light emitting device, and the 2nd photo detector corresponding to said 2nd light emitting device. 
Said 1st [ the ] and said 2nd photo detector are accumulated on the same Si substrate, and said 1st 
[ the ] and said 2nd photo detector. An optical pickup device, wherein one electrode is taken out from a 
substrate face via an embedded layer and a contact hole and the depth of an embedded layer of said 1 st 
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[ the ] and said 2nd photo detector differs. 

A light emitting device which emits a laser beam. 

An image formation optical system which carries out image formation of said laser beam to optical disk 
media. 

A photo detector which receives said laser beam and is changed into current 

An amplifier circuit which amplifies photoelectric current which received light with said photo detector. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] I 
[0001] 

[Field of the Invention]This Invention relates to optical recording devices, such as DVD / CD player 
recorder using the optical pickup which accumulated the photo detector and the amplifier circuit, and an 
optical pickup. 
[0002] 

[Description of the Prior ArtGAs for an optical disk unit, CD appears as an object for voice recording. 
Then, although DVD mainly appeared as an object for image record, it was applied also as a data 
recording medium of PC, and various formats, such as CD-ROM, DVD-ROM, CD-RW in which re- 
recording is possible, and DVD-RAM, were made. 

The storage density of data is improved further from now on, and high-density DVD which increased 
storage capacity is also considered to be added to this. It is required in these optical discs that 
compatibility should be maintained from a user. For this reason, not only laser with a wavelength of 660 
nm used for reading and writing of DVD as a light emitting device but laser with a wavelength [ for CD ] 
of 780 nm is usually carried in the DVD device. 

[0003]The optical head consisted of early CD compatible DVD devices combining discrete part, such as 
an optical system of 660-nm laser, the photo-diode as a photo detector and laser, prism, a mirror, etc., 
780-nm laser, a photo detector, an optical system. Then, the modular structure which shared a part of 
optical system for low-cost-izing and a miniaturization is devised. The module which shared prism 
between two waves is proposed by JP,10-64107,A and JP,11-39693,A using trapezoid prism. In 
JP,2000-76688,A, two different waves are received with the same photo detector. 
[0004]To IEEE Transactions on Electron Devices, Vol. 42, No. 1, January 1995, ** ISSCC'99 digest, and 
WP22.5. OEIC which accumulated the photo detector and the amplifier circuit on the same Si substrate 
is reported. Size not only becomes small, but by OEICHzing, reduction of noise and parasitic 
capacitance, etc. become advantageous with a signal characteristic compared with the case where a 
photo detector and amplifier are constituted from a discrete device. 

[0005]At Japanese Patent Application No. 11-232136, by carrying the mirror for vertical luminescence 
on the chip of OEIC. The amplifier circuit of the light emitting device, photo detector, and signal of an 
optical head is summarized for one chip, and also laser of each other is brought close, and is arranged, 
and the module which shared the optical system (660 nm and 780 nm) by piling up an optical path mostly 
is proposed. 

[0006]About the speed of an optical disk unit, with the product which has spread now, the reading speed 
of a CD-ROM drive is high-speed, and its about SOX is common. It is difficult to gather revolving speed 
more because of mechanical problems, such as vibration of a disk. Supposing speed will increase up to 
about 1 0OX from now on, the frequency band for which the photo detector which receives light with a 
wavelength [ for CD ] of 780 nm is asked is about 100 MHz. In the wavelength for DVD of 660 nm, it is 
high-speed and about 16X and a required frequency band are about 100 MHz now. In order to use not 
less than 100 MHz of frequency bands of an optical pickup, the frequency band of a photo detector 
needs to be not less than 100 MHz at least. Since this value is a frequency band which can respond with | 
the photo detector currently used for CD, in the conventional DVD device, the thing of the 
characteristic as the thing of CD that a photo detector is the same, and the same device structure is 
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used. 

[0007]The example of OEIC for optical pickups corresponding to two waves which accumulated a 
conventional photo detector and amplifier circuit is shown in drawing 6 . In the figure, a Si substrate 
(OEIC chip) and 140 100 Si base board, The low-impurity-concentration layer in which 150 has a 
thickness of about 10 micrometers, and 121 An embedded layer. The photo detector for CD and 192 are 
the photo detectors for DVD a with contact for 1 1 1 to take out the potential of an embedded layer to a 
substrate face, and a wavelength [ for CD in 61 ] of 780 nm laser beam, the 660-nm laser beam for DVD 
in 62, and 191. In CD and DVD, since the wavelength of the laser used for reading and writing is different, 
the optical signal which has reflected and returned on an optical disc is irradiated by different place on 
OEIC. For this reason, device structure is the same although the photo detector is arranged as the 
object for CD, and an object for DVD in the irradiation position of CD and each DVD. 
[0008]In the photo detector on OEIC, a depletion layer does not spread in the whole low-impurity- 
concentration layer, but an impurity concentration layer is usually inserted in series as resistance which 
is several kohms. A photo-diode has the depletion layer capacitance of about 1 pF. The frequency band 
of a photo detector is decided by these damping time constants, and are 100 MHz - 200 MHz. 
[0009] 

[Problem(s) to be Solved by the Invention]When the double speed of DVD will progress further from now 
on, several 1 00-MHz zone is needed in the photo detector for DVD. Frequency bands run short in the 
same photo detector as the conventional CD. The zone near 1 GHz is needed in the future photo 
detector for high-density DVD. 
[0010] 

[Means for Solving the ProblemjA relation of the depth from a Si surface and light intensity when three 
kinds of laser beams, wavelength of 780 nm, 660 nm, and 410 nm, are entered into a Si surface is shown 
in drawing 7 . In order that, as for 780nm [ for CD ] light, a depth of not less than 10 micrometers may 
permeate into Si, in order to obtain sufficient sensitivity, about 10 micrometers of fields with 
photosensitivity are necessity, but as for 660nm [ for DVD ] light, about 0.4 micrometer is enough as a 
depth of about 7 micrometers, and 410nm [ for high density DVD ] light. 

[001 IjSensitivity of a photo detector of an optical pickup and wavelength dependency of a frequency 
band were not made an issue of, and were not taken into consideration about optimization of device 
structure corresponding to wavelength until now. In a photo detector of this invention, the depth of an 
embedded layer is changed with wavelength of a laser beam which receives light. In a 780nm [ for CD ] 
photo detector, an embedded layer is formed in a depth of about 10 microns from a Si surface as usual. 
In 660nm for DVD, an embedded layer is formed in a depth of 4-8 microns from a Si surface shallower 
than an object for 780 nm. An embedded layer is formed in a depth of 1-8 microns in 410nm for high 
density DVD. 

[001 2]A means to produce a photo detector in which embedded layers differ is shown in drawing 8. After 
producing the embedded layer 121 of a photo detector for CD on the Si base board 140, the several 
micrometers epitaxial layer 151 is deposited on a Si substrate, and the contact 111 for taking out 
potential of an embedded layer is formed. Next, after depositing the embedded layer 1 22 of a photo 
detector for DVD, the several micrometers epitaxial layer 152 is deposited and the contact 112 is 
formed. After producing the embedded layer 1 23 of a photo detector for high-density DVD finally, the 
several micrometers epitaxial layer 1 53 is deposited and the contact 1 1 3 is formed. 
[0013] 

[Embodiment of the InventionjAn example of the optical disk unit using the optical pickup of this 
invention is shown in drawing 9 . As for an optical disc and 3, 1 is [ a focus servo track servo and 5 ] 
controllers a spindle motor and 4 an optical pickup and 2. An optical pickup is movable to the radial 
direction of an optical disc, and a normal line direction by a focus servo track servo. Thereby, the laser 
carried in the optical pickup irradiates with a laser beam the arbitrary positions on the straight line which 
crosses an optical disc top. The light reflected on the disk is detected by an optical head, is calculated 
by a controller, and transmits the signal for autofocus, and the signal for tracking position detection to a 
focus servo track servo. Based on a focusing signal, a focus servo moves an optical pickup to the normal 
line direction of an optical disc, and doubles the focus of a laser beam on an optical disc. A track servo 
moves an optical pickup to the radial direction of an optical disc based on a tracking signal, and doubles 
the spot of a laser beam with a desired track position. Reading and an optical disc layer write the data of 



http://www4.ipdl.inpitgo.jp/cgi-bin/tran_web_cgi_eije?atw_u=http%3A%2F%2Fwww4.ipdl.inpit... 2008/05/01 



an optical disc, repeating these operations. The data signal at the time of reading is generated from a 
track signal. On the optical pickup, the laser which emits the laser beam of wavelength (780nm for CD, 
660nm for DVD, and 410nm for high density DVD) is carried, and one of wavelength is chosen by the 
media of an optical disc. 

[0014]An example of an optical pickup device is shown in drawing 10 . The OEIC chip (Si substrate) 
whose 100 accumulated the photo detector and the amplifier circuit, the laser diode which emits the 
780-nm laser beam which carries 71 on OEIC, the laser diode in which 72 emits a 660-nm laser beam, 
and 8 are optical systems which carry out image formation of the laser beam on an optical disc. The field 
where 19 arranges a photo detector, and 18 are the fields of an amplifier circuit, and are accumulated on 
the free space on the same substrate as a photo detector. Here, although the example of the pickup 
(780 nm and 660 nm) corresponding to two waves was described, the same may be said of the case of 
the combination of three-wave correspondence of 780 nm, 660 nm, 410 nm, etc., or other wavelength, 
for example. 

[001 5](Example 1) The first example of this invention is described. The example of OEIC for optical 
pickups corresponding to three waves which accumulated the object for CD, the object for DVD, and 
three kinds of photo detectors for high-density DVD with which the embedded layer depth differs is 
shown in drawing 1 . The figure is the example which accumulated the photo detector on Si substrate 130 
which made the 1 0-micrometer epitaxial layer 150 deposit on the Si base board 140. 101 is an embedded 
layer of the photo detector for CD, and is formed in the interface of an epitaxial layer and Si base board. 
1 02 is an embedded layer of the photo detector for DVD, and is formed in a 7-micron position from the 
Si-substrate surface shallower than the object for CD. 1 03 is an embedded layer of the photo detector 
for high-density DVD, and is formed in a 4-micron position from the Si-substrate surface shallower than 
the object for DVD. They are contact for 1 1 1 to take out the potential of the embedded layer for CD 
from SI substrate face, contact for 1 1 2 to take out the potential of the embedded layer for DVD on the 
Si-substrate surface, and contact for 1 13 to take out the potential of the embedded layer for high- 
density DVD on the Si-substrate surface. In the photo detector 191 for CD, about 1 0-micrometer field 
from the Si-substrate surface to an embedded layer is a field which has sensitivity to light. When the 
laser beam 61 with a wavelength of 780 nm enters, a laser beam infiltrates into a Si substrate from the 
surface to about 10 micrometers, but photoelectric current is efficiently detectable with this photo 
detector. In the photo detector 192 for DVD, about 7-micrometer field from the Si-substrate surface to 
an embedded layer is a field which has sensitivity to light. When the laser beam 62 with a wavelength of 
660 nm enters, a laser beam infiltrates into a Si substrate from the surface to about 7 micrometers, but 
photoelectric current is efficiently detectable with this photo detector. In the photo detector 1 93 for 
high-density DVD, about 4-micrometer field from the Si-substrate surface to an embedded layer is a 
field which has sensitivity to light. When the laser beam 63 with a wavelength of 410 nm enters, a laser 
beam infiltrates into a Si substrate from the surface to about 0.4 micrometer, but photoelectric current 
is efficiently detectable with this photo detector. Although this example described the example (780nm 
for CD, 660nm for DVD, and 410nm for high density DVD), It is clear that it is the same also at OEIC 
which accumulated the photo detector corresponding to the laser for CD of the wavelength near this, 
DVD, and high-density DVD, and OEIC which accumulated any two kinds of photo detectors in these 
three kinds. 

[0016](Example 2) The 2nd example of this invention is described. Another example of OEIC for optical 
pickups corresponding to three waves is shown in drawing 2 . The difference from the 1st example is 
making the embedded layer depth of the photo detector for DVD the same as the embedded layer depth 
for CD. Since the embedded layer of the photo detector for DVD and the embedded layer for CD are 
simultaneously producible, production processes can be simplified compared with the first example. 
However, there is also a fault that the frequency band of the photo detector for DVD becomes narrow, 
and becomes the same as the frequency band of the photo detector for CD. 

[0017](Example 3) The 3rd example of this invention is described. Another example of OEIC for optical 
pickups corresponding to three waves is shown in drawing 3 . The difference from the 1 st example is 
making the embedded layer depth of the photo detector for high-density DVD the same as the 
embedded layer depth for DVD. Since the embedded layer of the photo detector for high-density DVD 
and the embedded layer for DVD are simultaneously producible, production processes can be simplified 
compared with the first example. However, there is also a fault that the frequency band of the photo 
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detector for high-density DVD becomes narrow, and becomes the same as the frequency band of the 
photo detector for DVD. 

[0018](Example 4) The 4th example of this invention is described. The example of OE[C for optical 
pickups which accumulated the amplifier circuit using the object for CD, the object for DVD, three kinds 
of photo detectors for high-density DVD, and a bipolar transistor where the embedded layer depth 
differs on the same Si substrate is shown in drawing 4 . 184 is a bipolar transistor and an embedded layer 
for bipolar transistors in 104. In this example, since the electrode of the photo detector is taken out 
from the Si-substrate surface, it is easily connectable with an amplifier circuit with usual wiring of IC. 
Since the parasitic capacitance and parasitic resistance which are generated in the terminal area of a 
photo detector and an amplifier circuit are substantially reduced compared with the case where an 
individual photo detector and an individual amplifier circuit are used, the current signal of the photo 
detector for high-density DVD with the frequency band near 1 GHz can be connected to an amplifier 
circuit, without making it deteriorate. 

[001 9](Example 5) The 5th example of this invention is described. Another example of OEIC for optical 
pickups which accumulated the amplifier circuit using the object for CD, the object for DVD, three kinds 
of photo detectors for high-density DVD, and a bipolar transistor where the embedded layer depth 
differs on the same Si substrate is shown in drawing 5 . The difference from the 4th example is making 
the embedded layer depth of the photo detector for high-density DVD the same as the embedded layer 
depth of a bipolar transistor. Since the embedded layer of the photo detector for high-density DVD and 
the embedded layer of a bipolar transistor are simultaneously producible, production processes can be 
simplified compared with the 4th example. 

[0020]The mimetic diagram which simplified the device structure of OEIC used for the optical pickup of 
this invention is shown in drawing 1 1 . The effect of this invention is described in the figure. The low- 
impurity-concentration layer about 10 micrometers in thickness, concentration 1x10 - 1x10 ^^cm~^ 
deposits on the Si-substrate surface, p+ layer is extended by 1 -micrometer Fukashi from the Si- 
substrate surface, the depletion layer 904 spreads from 1 micrometer to 4 micrometers, and 4 to 1 0 
micrometers becomes the parasitic resistance layer 906, and considers the case where the resistivity of 
a parasitic resistance layer is 500 ohm-cm. A photo detector can be expressed in the equivalent circuit 
which used the resistance 903 of the current source 901, the depletion layer capacitance 902, and a 
low-impurity-concentration layer. The zone f of a photo detector is expressed with the following 
formulas from this equivalent circuit. 

[0021] As for R, as for resistance of a low-impurity-concentration layer, and C, depletion layer 
capacitance and epsilon 0 are the dielectric constants in a vacuum here, 8.85x10 ^^F/cm and epsilonr 
are the specific inductive capacity of Si, it is 1 1.8, as for S, the area of a photo detector and d^ are 
depletion layer width, 3 micrometers and rho are the resistivity of a low-impurity-concentration layer 
here, and 500 ohm-cm and dp are low-impurity-concentration layer thickness inserted as resistance 
here. A frequency band is set to about 1 50 MHz in the structure of the conventional photo detector. The 
zone of a photo detector improves by making an embedded layer shallow and lowering resistance. If the 
object for CD, the object for DVD, and the embedded layer depth of the photo detector for high-density 
DVD shall be 10 micrometers, 6 micrometers, and 4 micrometers, respectively, the effect of this 
invention becomes like drawing 12 . and can be satisfied with a next-generation DVD drive of the 
conditions of a required photo detector. 
[0022] 

[Effect of the InventionjWith this method, the frequency band of the photo detector for DVD with a 
wavelength of 660 nm and the photo detector for high-density DVD with a wavelength of 410 nm can be 
improved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the 1st example of OEIC for optical pickups of this invention. 
[Drawing 2] It is a figure showing the 2nd example of OEIC for optical pickups of this invention. 
[Drawing 3] It is a figure showing the 3rd example of OEIC for optical pickups of this invention. 
[Drawing 4] It is a figure showing the 4th example of OEIC for optical pickups of this invention. 
[Drawing 5] It is a figure showing the 5th example of OEIC for optical pickups of this invention. 
[Drawing 6] It is a figure showing the conventional example of OEIC for optical pickups. 
[Drawing 7] It is a figure showing the rate of the absorption of light of a silicon substrate. 
[Drawing 8] It is a figure showing an example of the production means of OEIC for optical pickups of this 
invention. 

[Drawing 9] It is a figure showing an example of an optical pickup. 
[Drawing 10] It is a figure showing an example of an optical disk unit. 
[Drawing 1l3 lt is a figure explaining the effect of this invention. 
[Drawing 1 2] It is a numerical example of the effect of this invention. 
[Description of Notations] 

1 An optical pickup, 2 optical discs, and 3 A motor and 4 Focus servo track servo, 5 A controller, 61 
waves of 780-nm laser beams, and 62 A laser beam with a wavelength of 660 nm, 63 waves of 410-nm 
laser beams, 71 -wave a 780-nm laser diode, 72 A laser diode with a wavelength of 660 nm and 8 An 
optical system, a 100OEIC chip (Si substrate), 101,102,103 embedded-layer contact and 121,122,123,124 
embedded layers, A 140Si base board and 150,151,152,153 Low-impurity-concentration layer (epitaxial 
layer), 18 Amplifier circuit field 184 bipolar^ransistor 19 light-receiving-element-region 191 The photo 
detector for wavelength 780nm, 1 92 The photo detector for wavelength 660nm, and 1 93 The photo 
detector for wavelength 410nm, The current source of a 901 photo-detector equivalent circuit, and 902 
[ The depletion layer of a photo detector, parasitic resistance layer of 906 photo detectors. ] The 
depletion layer capacitance of a photo detector equivalent circuit, and 903 The parasitic resistance of a 
photo detector equivalent circuit, and 904 p+ layer of a photo detector, and 905 
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^m^mmLtc^ \iy^T y y\ m% \^y^T y 7° 
[00021 

20 tt. ^^lEi^ffi <b t T C 

D-ROM. DVD-ROM. HEIi Pltg^'j: C D - R 
W. DVD-RAM?iif^>«f?S7;^— 

t Li:DVD(D^^#tli'^fflt?>JS*6 6 0 nm0W 
30 -ifffftt^i:<. CDfflCDS:R7 8 0 nm(DW-f fc^ 

[0 0 0 3] 1010 C 02^0 VDgS-ed. 6 6 On 

m(DU-1f. ^%m=i-h\.X(n>yii-V¥^i^~\^. RJI 

V--^^ %y-ti^}£(D%^%b. 7 8 0nm 

^b^X. %-^yY^m^\.X\/^f^o ^©t. {fin;^ 

-fvm'tifin^^fix^^^o mfmi o-64 1 o 7. 
mm-i 1-3 9 6 9 s^t^tt. •&ff^©7°yxi.^^ 

40 l^, 7°yXi>,^2^5:-e*^Lfc^v^a-;t'^SJ|^$;jx 
TV^So #112 0 0 0-7 6 6 8 8-efi, Wl^2Wi^ 

[0 0 0 4] Sfc, IEEE Transaction 
s on Electron Devices, Vo 
1. 4 2, No. 1, January 199 
5.-^ISSCC'99 digest, WP22. 

^%ni-tTy-fm'&^n-s im.\mmh 

fciOE I Ctm^-^fiX\^^. OE I Cftt5::i:(Cj; 

50 f-^x;a5/h§<j^j:5fc(tT'^i<. m^. %^m^<D 
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[0 0 0 5] mm¥l 1-2 3 2 1 3 OEIC 

-^v Y(D^%m^ • • ft ^(ory^iEi^tr 1 ^ 

^^mtm.f^^^t-^& eOnmi: 7 8 Onm©3t^l 

[0 0 0 6] %r^7.^'mW(0^mz^^^X\i. 
S LT 1/ ^ SMd^p T'tt C D - R OM K7 ^ 7'(7)^^Sl <9 ii 

Ifihifi^tlr^h. CDffl©jS:R7 8 0nm©3fe!SrS3t 

t?.S^fe*i^}^*fefeti5JSI^i:^m *?I1 OOMH 

1 6{M@^^ >mmmMm\m i o omh z 

c#tt. m^rA^i 7.m^(o-h(Dm^^i:>h^x\i^^o 
[0 0 0 7] %m^%m^tTy:fm'^-^^mhtz2 

mmi^ii^^X^ 1 OOfiS iSfi (OE I 0^5/7°) s 
1 4 Oils 1 5 Ottl 0/im|ig(7)i?$ 

^j^o{g^f«tljgSls 1 2 1 ttSJ^i^^l. 11 1 fi 

6 lfiCDffl©St:ft7 8 0nm©U-lJ*3fe. 6 2(4 
DVDfflroe 6 Onm(7)l/— 19 1ttCDffl^* 30 

1 9 2{±DVDfflS)t*^-t^fe^o CDtDVD 

^7.^ kxm\-xm^x^i-zm%%\-i. oeic±© 

M^i5M-lM$ti5o CD. DVD^ti 

[00 0 8] o E I c ±(ds^s^ Til. at. SSI 
^(r>mi}i\^x%mmx%^^. *fc. 7i-h^v:t 

- Kt4 1 p FmSoS5:l^*^j^o„ S^*i^©Jijg 40 
WM'm.^h.hm'm.X^-^'0 . 10 0MHz~20 
OMHz-efeSo 
[0009] 

iciitft. DVDlS7t^i^Ti±i:l OOMHz(D^i^ 

-eti 1 GH z t $ti5o 

[00 10] 

[lSS4r^*t5fcfe©^S] jE^:S:7 8 0nm. 6 60 50 
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nm. 4 1 0nm(^3S^(D^-if3t^> S i SffiicA 

7(C^^-to CDffl7 80nm<D5i£f4S i^fC^^lOM 

l§.m^Wm^ 1 0 /z mfMiei^^-t-fe5;4^. D VDffl 6 
6 0nm(7)^f4^^7/imfi^s ii«SDVDffl4 10 

[0 0 11] rtl4-e3fet°y^7s'^©^3t*^©ii 

(Dm:Ki^^x. aje)ji^io^$^g^t5o 00^7 

8 0 nm(O^%m=i'X\-m^}£^'0 S i 1 0 ? 

eOnm-etts 7 8 0nmfflJ;i9t)-av\ Sigffid^P) 
4-8 5^ny©?^$iiffii6iA?^l^ff^^t5o 
DVD14 1 0nm-Ci41~8 

[0 0 12] |l|8(iffife52^^1©M^j:5S5fe*i^*1^M 
tS^SSr^to S i-<-;^S1Sl 4 0±}CCDffl§)t 

*i^©fflfe3A^Ji 1 2 1 ^f^Mtfct. s i S«±(ci: 

//m(D:ntf^dE-^>-^;Ul 1 5 1 ^MmU ^^ThJf-M<D 

nm.-^mm-ti.iixD^y'^^vi i i^ji^^tSo 

TtVI>m^%M^<OWhTh^m 1 2 2 Ir^^Lfc 
^Mm(^3it'^drv-i';Vll 5 2^iS^U ^"^^ 
^ M 1 2^ffMt5„ t^i^^^SDVDffl^^fe^^ 
(DffiJ63i^ll 2 3^f^^Lm i:;imO:nt°^dri/ 

1 5 3 tnnu ^y^^viiz m^t^o 

[00 13] 

%tU ^ %w<D-m^m 9 !i*t„ 1 mt ^y^r y 

7\ 2\i%-f-(7'!^. 3i±;^t°y HVv^-^. 4t47;t 
5o 3tt°s'^Ts/7''(4. 7;^-;^7:^t-JJ^~ • Vyy^-^ 
t5„ rti(cj;i9. %\fy^7yl^\mmMzV-^ 
^}c:lltt?.o T 4 }:.xm^f\'tz.%n.%^y YX 

mm^t vyy^y^^m^m(D\m-iy*-ij:^ 

Mm^Mz.. %\^y^ry 7°Sr)txV ^ ^ 

}C^^5*6o h 7 5^ ^ 7Kf4 h 7 ?/ y ^'jf -^^^ii 
3tt°s/^'Ti/7°^3trV:^^®^S;^I^}-#i)$*. ^ 

-if^tw^TKy ^^f;fS©^7y^^f^Ei-^^^^^5o 7t 

h7s/^lf-^;5^b4^$;}i5. 3tt°y^Tj/7°± 
{itt. CDffl7 8 0nni. DVDffl6 6 0nm. Xt/i^ 
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^SDVDffl4 1 0 nm(D^^(DU—fmmt?iU 

[QQi A] %\fy^T y:fmw(o-m-^m 1 0 

to 1 0 0ttS3t*^t7y^[H]]^*ft®tf:iOE I C 
i-V^ (SiSS) . 7 l\iOElCh\mmL±7 ^ 
0 nm© W-if^^UiMtS V—f^4 ir- Y\ 7 2 tt 

5„ 7 8 0 nmt6 6 0nm(7)2)S:g:>^J[S:fy 

^5'Ts':/©^i}io^^-CK&'<fc;i5^ ^ajxifi? 8 0 nm. 6 
6 0 nm. 4 10 nm^O) zm:^-. XUffiOjfeft© 

[0015] (^M"! 1 ) ^wR(D%-(onm\\c-^\<^ 

Xm^^o m.}h'^mU^<Dm^s CDffl. DVD 
1. ii?g^DVDffi©3®^0^)t^i^^^aLfc3i& 

ISlfiS i-<-:^SSl 4 0±iC, 1 0/xmCO:i^fc'^^^> 20 
I'/H 1 5 0 Srita^-ltThS i 1 3 0 (i. 
Ir^^tfcMtfe^o 1 0 1 l±CD^^^*i^(7)fflJ6aA 

^■rSc 1 0 2t4DVDfflS^^i^(DJlftiii^lT\ C 
Dfflj;t9tav\ S iS^^ffi;i^fe7^^^y(r)OT- 
?F^figt5o 1 0 3 flr^^^D VDig^)t*i^(DffiJ63i^ 
IT?. DVDfflj;?}t)av\ S iS«^ffi;&^b4 5i^a 
^©^tta^^tSo 1 1 lf4CDffifflfeii^l©m^ 
SrS lS«^ffi;0^feS5!5ttlt^cft©nyi?i5^ 112 
HDYD^afeji^ltDlfSlSfS iS«^ffi}e:Slf)ttlt 30 
Ttfe^ny^^h, 1 1 3f4i^^gDVDfflffife^Z.^l 

-5. CDffl^^t^i^l 9 im S 
a.^lt-e©/^ 1 0 /X m©^^;6^\ )i6lc:>^ftTii*lrj$ 
o-gii-efeSo &:S7 8 0nm<7)U—f)t 6 l;j5 Alt $ 
tlfc i t . l^-if )tt4 S i mm^MMt^ hlOfi ram. 
•tXWiTKt^tK ^(D^%M^X%WM^9mi < Ittti 
tS^t^^-trtSo DVDlS)t*^ 1 9 2-e(4. Si 

nhX^&-^n-^m$-Xhho JS;ft6 6 0 nm(Dl/-if 40 

h7 u mm-^xmAt^iK ^(D^mi-x^mm 
mii<mi-6^ti^x^^o m^T^vD^^m 
^19 3 xi-i. s i m^&mm^hmi^'^^MtxmA 
iimmmK mmLxmrnn-^mmxh^. m 

\ts i m^mm:^^h 0. 4n mm-^xmAt^-dK 
L<D^m^xmmmx < mt^ ^ t i^x^ 

Z.m\X\X CDffi7 8 0nm. DVDffi6 6 0n 
^t;ii^gDVDffl4 1 0 nm<DMJ-oV^Tx&-«fc 50 
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;5\ :itLic£l«(DCD. DVD. ^^SDVDffi^ 

E I cxhW\mxh^^t\m'^xh^. 

[0 0 16] mm\2) *|SBJ(D^2(D^Ml|^-0^^ 
Ti!i-< 5 „ 3 t° ?/ 7 ?/ 0 E I C (7)SiJ© 
«?rl2l2}C/T^t<, ^IWllJi^iiOaVMi. DVDffig 
3t^i^(Dffli63Z.^^g^ ^ ^ C Dffl $ 1^ 

Z\L\.X\,^^^tXhho DVDffl^3fe^i^(^fflJ5a^ 
ltCDffl(DffifeiA;9^1^|il^}^f^S-et5©-e. ^- 

U DVDffl§)fe^i^(Dji»icTO5^<'S'9. CDffl 

[0017] m&m 3 ) immm 3 ©^jimi-ov^ 

TiS^So 3 t° y ^ T yffl O E I C (D^lJ© 

fll^ia 3 lO^to mi©IIMMi:©»V^(4. ii^^DV 
Dffl^3fe«i^<^«J?)3i^l^ $ ^ D V Dffic^ffife^i^l 
^§i:PlD}iL-CV^5::i:-Cfe5, ii^SDVDfflg^t 
mi^^ffifeJi^^l i: D V Dffi©afe5i;?^llrPI^}i'f^® 

L/i)^L. ii®^DVDffi§3t*^©Ji«S 
^;05^<;'i^). DVDffl^3fe«i^<DJiJSifcSittPlCSi 

[0018] immA) imm(o^A<D-mm\z.^^^ 

-CkB-<5o m^ThJf-mU^(0^flh. CDffl. DVD 
ffl. ii^tDVDl(D3aii(7)^3t*^. SWV^^7K- 

a \.tz.% t° s/ 7 y •/ffi O E I C (D^J^EI 4 (i/^to 1 
8 4f±/<-r/K-7 1 0 4f4/^-f7K-7 h 

S)t»^wmtitt. s imMmt^^m\^^f\^x 

I c©fflt(^iHi^-t?7y7°0]f§t^ai-g^^ 

T'tSo tfc. WwS)t*^imij©7^7™^ffi 

v^fc^-a-tcjt^. S)tm^i7y7°i£iK©^^a5T?i§4 
t^mm. mmi)^±mmmti^tci^. ig 

H z ^c£v^j^&i:^i^^^^oii^SD VDffi^)fe^i^O 

mmm^. 'm^^^^tfjiiry^mmc^mx^ 

[0 0 19] (^JIM5) *ISBJ©^5(D^^tM^-OV^ 
X^i-^So CDffi. DVD 

ffl. ;^^^DVDffi©3aii©^)t*^. 

7 ^7yv'X^^lV^fc7y7m^Pl-S 

m t° y 7 s/ ^ffl O E I C (7)SlJ(0f!|^El 5 

to ^4(D^jjtfJt(7)av^t4. ,i^g^DVDlS)t*^ 

(7)fflfc)A^l^$^/M*°-7 h7yv^;^j5'©afe^z.^^ 

l^?g^il^C^^t^:v^5r,^-T?fe5o liSSDVDl^ 

^m^m\Lmx^^(Dx. w.A(Dm,m^]t^s 

M7°n-ir;^;S5||B§^l:-et5o 
[0 0 2 0] *|8PJ(7))fet°^y^7y^}ifflV^50E I C 



^ 1 0//ms 1 X 1 o" ~1 X 1 O" cm''@S 

bl um<Dm^^Xi^U. 5^19 0 4;4n /im;0^?34 
9 0 etfl^, t±WaiM(Om.m^5 0 0Q ■ cmt 
^*9 0 2. {£^MtlJggl©®tn:9 0 3 t:m^tcm 

m^x^^t^ti^x^^^. ^mm^^^. ^%m^ lo 
[00 2 1] R\m7f-mmm(omi. cf± 

^^l^l:> £ 0f4KStfj(Diim^T\ 8. 8 5X10 
" F/cm. £ rf4S i ©JtHm^T'. 11. 8. Sf4 

S3t*^«ffia. dctt^^l^I-e. rr-CtlS/im. 

p f4{fi^^t/lSl©ffifei:*t:\ ::r-ef45 0 0 fl • c 

m. A.\tmithxmx^^m-^mmmm(ow-^ 

5 OMH z fflfe5i^l^lr^< tX^S^Sr Ttf5 

^t-e. ^3t^^©^J|lc;j^[p]±t5c CDffl. DVD 20 
ffl. ii^gDVDffl©^)t^i^(©fflJ?)jA^l)?g$^^tt 

[00 2 2] 

[Wm9))^\ *:^Si3:J;'9. JSfteeonmWDVD 

RXI^^A 1 Onm©iSS^DVDffl^5fe 
^i^©JiSticS^^|Bl±t-5 r t t^X% 5„ 
[|glffi©ieWj:mM] 

[01] *^0J(7))tt°s/^5'Ts/rfflOE I C<D^1(7)^ 30 

mi^^-tmxh^. 

[02] ;^ISBJ(;o)th°;/i?Ts/yfflOE I C©^20|| 
[03] imm(o%\fy^Ty:rmE i co^3©||* 



mi 

191 192 



#12002-118281 
8 

■mi^^tmxh^. 

[06] )fet°5'i5'7y7'lOE I C©t^5|?Mlr/i^t0T' 
[07] i^ynyS;K©3fe©SiI|X^^,T^t0-Cfe5o 

[08] *lisj©3fet'"s'i5'T5/:/fflOE I ccofm^W. 

[0 9] )fet°s/^7s/^£7)-f!l^/T^t0T'fe5. 

[010] %T^y^^mw(D-m^^tmxh^. 

[011] *l8?^(D^*lriaPJt50-efc5„ 

[012] ^^m(o^^(Dmmxh^o 

1 3tt°y^7y7\ 2 ^trV^i^', 3 4 

7. 61Jg:ft7 8 Onm^l^— 6 2 }gj;R6 60n 
ra<DV—f%, 6 3 Jg[:&4 1 0 nm(^^— tP^t^ 71j^ 
:B:7 8 0nm(75l/— f^^;t-K. 7 2 jfe;ft6 6 0 n 
m©^-if>V:t-K\ 8 %^lh. 100OEIC5"5' 
-f (S ^ 1 0 1, 1 0 2, 1 0 3 fflfe^A^l 

='y^^h. 1 2 1, 1 2 2, 1 2 3, 1 24 ffife 
E^g. UOSi-i-;^^. 15 0, 15 1, 15 
2, 153 {g^^«^Ji (:rt°^dri/-r/^Ji) . 1 

^%m=}-W$. 19 1 jS* 7 8 0 n mffl 1 
9 2 ^mQOnmm^^mi-. 193 JS:g4 1 

onmi©s3fe^i^, m^^mi-mm^o^mmu. 

9 0 2 9 0 3 

m^mmm'^(D^^Wm.. 9 04 S7t*^^©p+i. 

9 0 5 9 0 6 ^%m^<0^^^ 
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